We combine high-resolution spectroscopic data from APOGEE-2 survey Data Release 16 (DR16) with broad band photometric data from several sources, as well as parallaxes from Gaia Data Release 2 (DR2). Using the Bayesian isochrone-fitting code StarHorse, we derive distances, extinctions and astrophysical parameters for around 388,000 APOGEE stars, achieving typical distance uncertainties of ∼ 11% for APOGEE giants, ∼ 5% for APOGEE dwarfs, as well as as well as extinction uncertainties of ∼ 0.07mag, when all the photometric information is available. StarHorse uncertainties vary with the input spectroscopic catalogue, with the available photometry, and with the parallax uncertainties. The value-added catalog generated here was compared to the asteroseismic CoROGEE catalogue (for which distances and extinctions are also updated according to the new DR16 spectroscopic inputs) showing good agreement, but suggesting smaller parallax shifts in the mid plane fields with respect to those found in the Kepler field. To illustrate the impact of the new StarHorse results we show an analysis of the chemical spatial dependency of Galactic plane stars. Thanks to Gaia DR2 and the now larger coverage of APOGEE-2 (including APOGEE-south) we obtain an extended map of the Galactic plane, now reaching the inner-most parts of the Galaxy and providing an unprecedented coverage of the disk close to the Galactic mid-plane. The distance and extinction improvements unveil the presence of the bar in a density diagram, as well as the striking chemical duality in the innermost regions of the disk, now clearly extending to the bulge. For the first time we are able to have a much less fragmented view of our Galaxy. We complement this paper with distances and extinctions for stars in other public released spectroscopic surveys: 324,999 in GALAH DR2, 6,095 in GES DR4, 4,928,715 in LAMOST DR5, and 433,177 in RAVE DR5.
Introduction
The second data release (DR2) of the ESA's astrometric flagship mission Gaia has added an invaluable wealth of astrometric and photometric data for more than a billion stars (Gaia Collaboration et al. 2018) . While the DR2 parallax uncertainties are still sufficiently large to hamper detailed tomographic views of the Galaxy beyond 2 − 3 kpc from the Sun, the combination of these data with spectroscopic and photometric measurements from various other surveys opens up the possibility of extending the 3D mapping of Galactic stellar populations as far as the Galactic centre, as well as out to similar heliocentric distances towards the outer disc or directions perpendicular to the disc mid-plane . This enables detailed quantitative comparisons between observed properties in phase and chemical space to chemo-dynamical model predictions . Additionally, for the first time, ages of large numbers of field stars are being determined with sufficient precision, at least within 2 kpc, to impose strong direct constraints on the Galactic star formation history (Ness et al. 2019; Bensby et al. 2017) .
In Queiroz et al. (2018, Q18) , we presented the StarHorse code: a python tool that uses Bayesian analysis of spectrophotometric and astrometric data to infer distances, extinction, ages, and masses of field stars. In that paper we illustrated the impact of Gaia DR1 parallaxes in improving our estimates of distances and extinctions, and generated several value-added catalogues for the spectroscopic datasets APOGEE DR14 (Abolfathi et al. 2018) , RAVE DR5 (Kunder et al. 2017) , GES DR3 , and GALAH DR1 (Martell et al. 2017) , extending the volume for which precise distances are available.
StarHorse has been applied in numerous studies concerning different fields of Galactic astrophysics, such as stellar populations in the local neighbourhood (e.g. Grieves et al. 2018; Anders et al. 2018; Minchev et al. 2018) , the origin of the stellar halo (Fernández-Alvar et al. 2017 , the physical carriers of diffuse interstellar bands (Elyajouri & Lallement 2019) , the Milky Way stellar population kinematics (e.g. Palicio et al. 2018; Monari et al. 2018; Carrillo et al. 2019; Minchev et al. 2019 ) and recently the chemodynamics study of N-rich stars (Fernández-Trincado et al. 2019 ).
In Anders et al. (2019, A19) , we used an updated version of StarHorse, combining Gaia DR2 parallaxes and optical photometry with other photometric bands from PanSTARRS-1, 2MASS, and AllWISE to derive Bayesian distances and extinctions for around 300 million stars brighter than G = 18. We showed that the addition of complementary information to the Gaia parallaxes and photometry could lead to a breakthrough where, with the best distances, one could start seeing structures like the Galactic bar already in density stellar maps. However, as explained in that paper, the A19 photo-astrometric results were computed with a prior upper limit of 4 mag in A V extinction, resulting in a limited view of stellar populations towards the innermost regions.
We now have the opportunity to start dissecting the Milky Way, including the central region and the far side of the Galactic disc, by combining Gaia DR2 with the APOGEE DR16 release. The latter includes around 380 000 stars with precise radial velocities, stellar parameters and chemistry from NIR high spatial resolution spectra taken in both hemispheres (SDSS-IV Collaboration 2019). Compared to the earlier releases, the data now include many more targets in general, but especially towards the innermost kiloparsecs of the Galaxy.
In this paper we describe the first value-added catalogues generated from StarHorse using Gaia DR2 data in conjunc-tion with APOGEE DR16, as well as the public releases of other spectroscopic surveys. We show the first high spatial-resolution chemical maps of our Galaxy covering the entire disc, from zero to 20 kpc in galactocentric distance, complementing earlier maps shown in Hayden et al. (2015) , which used DR12. We present distances and extinctions, and their associated uncertainties, study the robustness of these quantities to different choices of priors, parameter sets, and systematic corrections, and also compare them to data from other sources.
The paper is organized as follows: in Sect. 2 we provide a brief description of the StarHorse code, focusing on the main improvements since Q18 and A19. Section 3 describes the input data (photometry, astrometry and spectroscopy) used in the computations of distances and extinctions for APOGEE DR16. In Sect. 4 we describe our main parameter choices when running StarHorse for the input data discussed in the previous section, and provide a validation of our results via a comparison with asteroseismic distances from CoRoT, as well as open cluster distances. Section 5 shows the first density and chemical maps of the entire Galactic plane, and discusses the main implications; In Section 6 we briefly discuss the complementary catalogues for RAVE, LAMOST, GALAH and GES. The resulting catalogues are provided in machine-readable form. Finally, in Section 7 our main conclusions are summarized.
The StarHorse code
StarHorse is a Bayesian approach that is derives distances d, extinctions in the V band (at λ = 542 nm) A V , ages τ, masses m * , effective temperature T eff and surface gravity log g for field stars. In order to do so, we use as input a set of spectroscopically-measured stellar parameters (typically effective temperature, T eff , surface gravity, log g, and overall metallicity [M/H]), photometric magnitude, m λ , and parallax, π to estimate how close a stellar evolutionary track is to this observed data, which we call the posterior probability. We adopt here the latest version of the PARSEC stellar evolutionary model tracks (Bressan et al. 2012) 1 . For APOGEE DR16 we adopt a fine grid of models to compute the estimated parameters. With steps of 0.01 dex in log τ and 0.02 dex in metallicity [M/H], covering the ranges: 7.5 < log τ < 10.13 , −2.2 < [M/H] < 0.6.
To build this probability we also include priors about the geometry, metallicity and ages characteristics of the main Galactic components, following previous Bayesian methods to derive distances (e.g., Burnett & Binney 2010; Burnett et al. 2011; Binney et al. 2014) . The priors adopted here are the same as in Q18, namely: an IMF from Chabrier (2003) for all Galactic components; exponential spatial density profiles for thin and thick discs (see Section 5 for a discussion on the differences between the geometric and chemical definitions of the thick disc) ; a spherical halo and a triaxial (ellipsoid+spherical) bulge/bar component, as well as broad Gaussians for the age and MDF priors. The normalisation of each Galactic component, as well as the solar position, were taken from (Bland-Hawthorn & Gerhard 2016).
The code was first described in Santiago et al. (2016) , and later modified to also use Gaia parallaxes and derive astrophysical stellar parameters in Queiroz et al. (2018) . The latter paper also included extensive validation comparisons with simulations and independent high-quality distance determinations from asteroseismology, eclipsing binaries, and open clusters. Those samples showed precision of 10% for distances, ages accurate to 30% and A V errors of 0.1 mag for stars out to 1kpc, with a continuous worsening of accuracy and precision towards larger distances. Most recently, in Anders et al. (2019) , we used StarHorse to determine photo-astrometric (i.e. not using spectroscopy at all) distances, extinctions, and stellar parameters for Gaia DR2 stars down to magnitude G = 18.
For more details about the method, the priors, stellar evolutionary models, code validation and previous released catalogues we refer the reader to Q18. We have since updated the code in some important aspects briefly summarized here, (for more details see A19), namely: we improved the extinction treatment, which now considers the dependence of the extinction coefficient, A λ , on effective temperature and extinction itselfas explained in Holtzman et al. (1995) ; Girardi et al. (2008) , for instance; the latest version also has migrated to python 3.6, which made the code faster and compatible with recent libraries. These and other small computational improvements are described in detail in Anders et al. (2019), Sect. 3.2. In this paper, we use the high-quality spectroscopically determined stellar parameters from APOGEE spectra, in conjunction with Gaia DR2 parallaxes and broad-band photometric measurements.
Input data
We follow a similar configuration from previous StarHorse runs (Queiroz et al. 2018; Anders et al. 2019) , to complement the APOGEE DR16 StarHorse catalogue with parameters such as extinction and distances. For that we gather parallaxes from Gaia DR2 (Gaia Collaboration et al. 2018 ) and photometry from 2MASS (Cutri et al. 2003) , WISE (Cutri et al. 2013) and, PanSTARRS-1 (Scolnic et al. 2015) and join this information with spectra from APOGEE DR16 (SDSS-IV Collaboration 2019). Here we introduce the input catalogues, the necessary adjustments in these data and the StarHorse configuration to produce the final parameters.
APOGEE DR16
The Apache Point Observatory Galaxy Evolution Experiment (APOGEE, Majewski et al. 2017 ) started in the third phase of the Sloan Digital Sky Survey (SDSS-III, Eisenstein et al. 2011) . APOGEE continues as part of SDSS-IV (Blanton et al. 2017) . It is a spectroscopic survey conducted in the near-infrared (NIR), with high resolution (R ∼ 22, 500), and high signal-to-noise (S /N > 100) (Wilson et al. 2019) . The data reduction pipeline is described by Nidever et al. (2015) . As a near-infrared survey of high resolution, APOGEE is capable to peer into the dusty areas of our Galaxy, such as the Bulge and the Galactic plane.
The APOGEE survey is collecting data in the Northern Hemisphere since 2011. And since 2015, APOGEE-2 data are also being collected in the Southern Hemisphere. Both hemispheres observations use the twin NIR spectrograph (Wilson et al. 2019 ) on the SDSS 2.5-m (Gunn et al. 2006 ) at the 2.5m du Pont telescope at Las Campanas Observatory (LCO; Bowen & Vaughan 1973) . DR16 is the first SDSS-IV data release including data from APOGEE-2 South: it contains a total of 473,307 sources with derived atmospheric parameters and abundances. The pre-processing of the APOGEE DR16 data in preparation to our distances and extinctions estimates was very similar to the pre-processing of APOGEE DR14 described in Q18.
The APOGEE Stellar Parameter and Chemical Abundance Pipeline (ASPCAP García Pérez et al. 2016 ) was optimized for red-giant stars, since this is the main population targeted by the survey. However, we also compute StarHorse results for stars in APOGEE DR16 catalogue that fall outside the recommended calibration ranges of ASPCAP. For those stars we use inflated uncertainties of σ log g = 0.3 dex, σ T eff = 200 K, σ [Fe/H] = 0.15 dex, and σ [α/Fe] = 0.1 dex.
As in Q2018 (and differently from A19 where no extinction prior was used), we use the APOGEE targeting extinction estimate A Targ K s as a broad prior for the total line-of-sight extinction: A V prior = 0.11 · A Targ K s . StarHorse treats this extinction using Schlafly et al. (2016) extinction curve.
Finally, because we use the PARSEC 1.2S stellar models from Bressan et al. (2012) , which do not include non-solar [α/Fe] ratio models, we correct for this effect in the input data. For that we use the Salaris et al. (1993) formulae, which accounts for α-enhancement by a slight shift of the total metallicity [M/H]:
(1)
We choose C = 0.66101, in agreement with the scaled solar composition Y = 0.2485 + 1.78 · Z used in the PARSEC 1.2S models.
Gaia Data Release 2
The Gaia astrometric mission was launched in December 2013 and placed in the L2 Lagrangian point, about 1.5 million km from the Earth. It is measuring positions, parallaxes, proper motions and photometry for well over 10 9 sources down to G 20.7, and obtaining physical parameters and radial velocities for millions of brighter stars (Gaia Collaboration et al. 2016) . Its recent Data Release 2 (Gaia DR2; Gaia Collaboration et al. 2018), has covered the initial 22 months of data taking (from a predicted total of 5 years), with positions and photometry for 1.7 10 9 sources, full astrometric solution for 1.3 10 9 (Lindegren et al. 2018) , T eff , extinction, stellar radii and luminosities for 10 8 stars (Andrae et al. 2018) , and radial velocities for 7 10 7 of them (Katz et al. 2019) . Particularly important for our purposes are the DR2 parallaxes, since they allow us to better disentangle dwarfs from giants for stars with more uncertain surface gravity measurements.
The Gaia DR2 parallax precision varies from < 0.03 mas for G ≤ 13 to 0.7 mas for G = 20, and the parallax zero-point (accuracy) has been shown to be of similar order, and probably dependent on a combination of sky position, magnitude, and colour (e.g Arenou et al. 2018; Stassun & Torres 2018; Zinn et al. 2019; Khan et al. 2019) .
In this work, we adopt the mean zero-point correction of 52.8 µas to the Gaia DR2 parallaxes determined by Zinn et al. (2019) using red giants co-observed by APOGEE and the Kepler mission. This is somewhat mid-way between the quasarderived correction advertised by Lindegren et al. (2018) and the zero-point shift estimated by Stassun & Torres (2018) , which is 82 µas. In fact, Stassun & Torres (2018) find that their estimate of the offset may in fact be 61 µas, which is much closer to that of Zinn et al. (2019) , if they allow for a possible scale error in the parallaxes. They also note that the larger offset of 82 µas would be most applicable to the brightest stars, with G 11, however only ∼10% of the APOGEE sample is so bright. On the other hand, Khan et al. (2019) found that the parallax zero-point shift could actually be smaller: for two K2 fields analysed in their paper they found smaller discrepancies between asteroseismic and astrometric parallaxes than in the Kepler field. Independent distances measurements, using cepheids and quasars (Riess et al. 2018; Lindegren et al. 2018 ) also show that the Gaia DR2 parallax uncertainties are slightly underestimated, and can suffer from systematics as well as the parallax itself. To account for this effects we have applied the suggested inflation of parallax uncertanties, described in Lindegren et al. (2018) . The inflated error can be written as:
Where σ ext is the inflated uncertainty, σ in the uncertainty from Gaia catalogue, k = 1.08 is a constant parameter and, σ s is slightly different for different magnitude ranges. For the bright regime (G < 13.0mag) we use σ s = 0.021 and for the faint (G > 15.0mag) we use σ s = 0.043. In between this two regimes we interpolated linearly using σ s = 0.030. The Gaia DR2 catalogue also includes broadband photometry for about 10 9 sources, although in the case of APOGEE we decided not to include this photometry in the calculations. The reason for this choice is simply because most of APOGEE DR16 is targeting the Galactic plane, and in this region Gaia DR2 photometry partly suffers from crowding issues. We, therefore, followed a conservative approach and did not use this photometry for the APOGEE sample.
Photometric Catalogues
In all produced catalogues we use infra-red photometry from 2MASS (Cutri et al. 2003 ) and WISE (Cutri et al. 2013 ). Both are all-sky photometric surveys, and 2MASS photometry has almost 100% coverage for APOGEE catalogue. For that reason we used it as primary photometry when running StarHorse (see Q18 details). For both input catalogues, we applied a minimum photometric uncertainty of 0.03 mag. Finally, we assumed the uncertainty of the stars in 2MASS and WISE that have no measured uncertainty to be 0.4 mag.
For the optical regime we use PanSTARRS-1 photometry (λ ∼ 3943 − 10838 Å) (Scolnic et al. 2015) with corrected zeropoints according to Scolnic et al. (2015) and minimum photometric uncertainties of 0.04 mag. Furthermore, we only use measurements with reported individual errors for stars fainter than G = 14.5.
Differently from Q18, we have decided not to use APASS (Henden & Munari 2014) photometry but only PanSTARRS-1. The motivation for this choice comes from reports that APASS photometry has a high percentage of sources (30 %) with a positional mismatch, especially in the faint regime (g sloan < 16) (Marrese et al. 2019 ).
The APOGEE-DR16-StarHorse catalog
The APOGEE DR16 StarHorse catalogue presented here was generated from the processed APOGEE DR16 data, explained in Sect. 3.1, cross-matched with Gaia DR2 (98%), PanSTARRS-1 (37%), 2MASS (100%), and AllWISE (95%). The final produced catalogue contains 388,815 unique stars with derived StarHorse parameters, along with their uncertainties. From the 473,307 APOGEE sources StarHorse have converged for 418,715, after this we selected unique stars by the highest signal to noise.
Our catalogue will appear as a value-added catalogue of the SDSS DR16 (Ahumada et al. 2020). The catalogue can also be downloaded from the LIneA webpage 2 , similar to what was done in Q18, and via CDS 3 . The description and format of the provided StarHorse products are listed in Table B .1, while the description of the adopted quality and input parameter flags are listed in Table B .2.
Output parameters -a first look at the catalogue
The StarHorse output provides the posterior distribution functions of masses, effective temperatures, surface gravity, metallicities, distances, and extinctions -see Table B .1. The median value 50th percentile should be taken as the best estimate for that given quantity and the uncertainty can be determined using the 84th and 16th percentiles. The full distribution of the StarHorse median output parameters is shown in the left panel of Fig. A.1 .
In addition to the percentile values of the estimated parameters, all released value-added catalogues have columns that describe the StarHorse input data, SH_INPUTFLAGS, and the StarHorse output data, SH_OUTPUTFLAGS as specified in Table B.1. The input flags describe which parameters were used in the likelihood calculation for each star. The input flags also indicate if we have used an A V prior -as the AVprior flag -or if the AV was determined using the parallax True option (as in Anders et al. 2019 , for instance). The meaning of each string in SH_INPUTFLAGS can be seen in Table B .2. The output flags inform the number of models which have converged in the likelihood calculation, and also indicate the occurrence of problems in the estimated extinction (see TableB. 3). For more information on these flags, we refer to Q18.
In what follows we present some of the basic properties of the APOGEE-DR16 SH catalogue (maps involving chemistry will be discussed in the next Section). In the following figures we have applied a few quality cuts, namely: stars with signal-tonoice above 50 (S NREV > 50), and with a good ASPCAP fit (AS PCAP_CHI2 < 25). Figure 1 shows Galactic maps colour coded by the median of the resulting APOGEE DR16 StarHorse distances (upper panel) and extinctions (middle panel). By design, most of the APOGEE pointings are concentrated towards low Galactic latitudes (Zasowski et al. 2013 (Zasowski et al. , 2017 , offering a much greater coverage of the thin disc than other surveys. The North-South equatorial asymmetry is also visible, since most of the data so far come from the Northern spectrograph at Apache Point Observatory. Yet, the Magellanic Clouds are clearly visible on the distance map as the distant clumps of sampled stars. Because the density of stars increases towards the Galactic centre, there is also a clear trend of larger median distances on this direction. The A V map in the bottom panel of Fig. 1 zooms into the central degrees of the Galactic plane, where the average extinction is higher, and patchy (also visible in this map). Fig. 2 shows the mean distance per pixel in the spectroscopic Kiel diagram, using the input parameters from APOGEE (ASP-CAP, left panel) and using the StarHorse output spectroscopic parameters (middle panel). As expected, stars belonging to the giant branch (comprising most of the APOGEE sample) are found at larger distances than dwarfs since they have higher ab- solute magnitude and are therefore detectable in a larger distance range. In the giants regime StarHorse seems to be detecting asymptotic giant branch stars (AGBs) at very large distances (at T e f f ∼ 4500K and log g < 1.0 ), as expected since those are very bright stars. Although, those stars should be analysed with care, since the ASPCAP pipeline does not perform well in this range (García Pérez et al. 2016) . The third panel of 2 shows also higher extinction for intrinsic brighter and therefore further stars. The output spectroscopic parameters from StarHorse seem to be, as expected, very much in accordance with the input ASPCAP parameters. For the dwarfs stars, which are not ASPCAP calibrated stars and therefore have larger uncertainties, StarHorse seems to improve the results finding a more smoother solution, as expected because of the use of stellar evolutionary models.
The distribution of distance and extinction uncertainties of APOGEE DR16 StarHorse catalogue can be seen in Figure 3 . Thanks to the availability of Gaia DR2 parallaxes, the distance uncertainties (left panel of Fig.3 ) are usually smaller than 10%. The two peaks at 5% and 11% correspond to stars within the Gaia DR2 parallax sphere (mostly dwarfs) and more distant giant stars, respectively. These distance uncertainties are similar to those from the APOGEE-TGAS sample discussed in Q18, but now available for a much larger number of stars, covering much larger volumes. From Fig. 3 we also see that stars with calibrated spectroscopic parameters lead to more precise distances, most of them with a 10% uncertainty. For the stars with more uncertain parallaxes and un-calibrated spectroscopy the distances are still mostly below 15% uncertainty, which is an amazing achievement for stars near the Galactic center.
The extinction distribution (right panel of Fig. 3 ) is also double peaked, at A V 0.07 and A V 0.17, as previously observed by Q18 for APOGEE DR14 combined with TGAS. The two peaks correspond to stars with and without available optical magnitudes, respectively ( Fig. 3 can be directly compared to the upper panels of Fig. 12 from Q18 ).
Validation
At the level of spectroscopic stellar surveys, it is difficult to perform truly independent benchmark tests for the resulting distance, extinction, and stellar parameter scales (Jofré et al. 2019) . Most comparison samples are themselves affected by significant systematic uncertainties. Especially for the APOGEE survey, meaningful comparisons with fundamental physical parameters such as interferometric temperatures or masses of detached eclipsing binaries are unavailable. In Santiago et al. (2016) and Q18 we performed fundamental accuracy and precision tests using simulated stars, nearby eclipsing binaries, astrometric distances, among others. In this section we limit our validation to arguably less fundamental tests: consistency with input parallaxes, asteroseismology (using the CoRoT-APOGEE sample) and open clusters (using Gaia DR2 results).
Comparison to input parallaxes
As a first simple consistency check, we show in Fig. 4 a comparison between our spectro-photo-astrometric distances with the recalibrated Gaia DR2 input parallaxes. We canonically allow StarHorse to converge to a solution that deviates from the input measurements by maximum 4σ, using trimmed Gaussians in the likelihood computation. We therefore expect an almost perfect agreement with the input parallaxes within the corresponding uncertainties. Fig. 4 shows that this expectation is fulfilled: There are minimal residuals between the input and the posterior parallaxes within the Gaia DR2 parallax sphere (the region where parallax uncertainties are within 10 − 15%; d 2.5 kpc), while we only see slight systematic trends appearing for distances d 10 kpc. In the regime in-between, the parallax information is successfully complemented by APOGEE, delivering less biased and more precise StarHorse distances.
Asteroseismology: The CoRoT-APOGEE sample
In Fig. 5 we show a direct comparison of the distances, A V and surface gravity for stars in common between the APOGEE DR16 StarHorse results and the CoRoGEE sample (Anders et al. 2017a) , which contains stars observed by both APOGEE and the CoRoT space mission (Baglin et al. 2006) . The CoRoT data allow us to determine stellar masses and radii from asteroseismology, thus also providing more precise distances outside the Gaia parallax sphere.
A similar comparison was shown in Sect. 5.2 of Q18, but the present one is significantly different in two ways: 1. The CoRoGEE distances were obtained with an updated version of the PARAM code (Rodrigues et al. 2017) , with the configuration where the input parameters were the two seismic parameters (∆ν and ν max ) and the APOGEE DR16 temperatures, metallicities, and [α/Fe] values. No Gaia parallaxes were used. 2. In contrast to the StarHorse run shown in Fig. 9 of Q18 (which used the PARAM distances as an input), we now compare to the StarHorse results obtained without any input from neither asteroseismology nor PARAM. In summary, we compare the result of two independent distance codes, one of which uses spectroscopy and asteroseismology (PARAM), and the other uses spectroscopy and astrometry (StarHorse).
In Figure 6 we show the comparisons between the input temperatures from APOGEE DR16 and the output temperatures from PARAM and StarHorse codes. We see a systematic shift between PARAM and APOGEE DR16 temperatures even for PARAM tension flags equal zero. Differently from PARAM, StarHorse output temperatures are very similar from the APOGEE input, since the spectroscopic errors are small and StarHorse does not rely on the seismic information. The systematic difference in Temperatures between PARAM and APOGEE maybe due to the different calibration scales and model choices, which in the case of PARAM is MESA (Paxton et al. 2011) .
Considering this systematic shift between PARAM output temperatures and APOGEE DR16, and looking at simulation tests with StarHorse (See Fig. 6 of Q18) we expect then a shift in the extinction itself which is seeing in the left upper panel of Fig.  5 . Distances and superficial gravity are in very good agreement with the ones derived by PARAM using asteroseismic measurements.
Open clusters
In A19, we presented a detailed comparison of StarHorse results (without using spectroscopic data) with open-cluster parameters derived from Gaia DR2 data (specifically, Cantat-Gaudin et al. 2018 and Bossini et al. 2019 Bossini et al. (2019) published revised Bayesian cluster parameters for 269 of those clusters, based on the same membership list. Here we again compare with the results obtained by Bossini et al. (2019) , keeping in mind now that the APOGEE DR16 StarHorse results were obtained from higher-quality data.
In Fig. 7 , we compare the APOGEE StarHorse results obtained for the most certain cluster members of Cantat-Gaudin et al. (2018) to the distances and extinctions determined similar to Bossini et al. (2019) with same input photometry as we use in StarHorse and using PARSEC models in the PARAM code. The figure shows a cluster-by-cluster comparison for the 12 most populated clusters observed by APOGEE, ordered by distance. In general, and in accordance with A19, we observe good agreement of the distance scales (within 20%). Some discrepancies are noticeable both in extinction and distance, which could be related to differential reddening and bad photometry, though this is mostly within the accuracy limits of the open cluster distance scale Bossini et al. (2019) 
astroNN distances
Finally, in Fig. 8 we compare our APOGEE DR16 distances with the ones obtained with the neural-network spectral analysis code astroNN ). These authors claimed that "there is no doubt that our distances have higher precision and accuracy than those determined using stellar models and density priors, such as the BPG distances", based on a comparison with the pre-Gaia distances published in Santiago et al. (2016) prior to Gaia. Here we repeat their comparison with our new results, now including Gaia DR2, revealing a more complex picture.
The top left panel of Fig. 8 shows that there is a generally very good agreement between the distances derived by the two codes for the bulk of the sample up to ∼ 10 kpc (density colour coding in this plot is logarithmic). There are, however, groups of stars which deviate considerably from the one-to-one relation: 1. dwarf stars located mostly at high latitudes (see log gcoloured plot in the top right panel and sky distribution of distance residuals in the lower left panel) for which astroNN determines too high distances (compare to Fig. 4) , and 2. giant stars in the Inner Galaxy, for which systematic differences on the order of 10 − 20% are visible (in the sense that the Leung & Bovy 2019 distances are significantly smaller; see lower right panel).
The first group of stars can be explained by the limited training set used by , which was comprised almost exclusively of red-giant stars. The second effect was indeed also noticed by Bovy et al. (2019) who corrected the systematic offset of the astroNN distances heuristically (see their Fig. 1 ).
Extended Chemical maps in the Galactic plane up to the Bulge
In this section, we demonstrate the value of the APOGEE DR16 StarHorse results by presenting the most extensive and precise chemical-abundance map of the MW disc and bulge to date. The unprecedented coverage of the APOGEE DR16 data can be appreciated in Fig. 9 , where we show the distribution of all DR16 stars with StarHorse results in Galactocentric coordinates. The figure shows very clearly that the APOGEE DR16 sample covers a large portion of the Galaxy with statistically significant samples, now including also the innermost regions with many more stars close to the Galactic mid-plane (Z<0.5 kpc) thanks to the observations taken at Las Campanas. This is an important improvement both in number of targets and in quality of distances and extinction estimates, with respect to previous releases.
To be more quantitative, the top left panel of Fig. 9 shows that the stellar density of the APOGEE DR16 sample amounts to over a dozen stars per kpc 2 in the R Gal − Z Gal plane for 0 < R Gal < 18 kpc and −3 kpc < R Gal < 3 kpc, allowing for an unprecedented chemo-kinematic mapping of the inner as well as outer stellar disc. The top right panel of Fig. 9 displays a top-down view of the Galactic disc, again demonstrating the exquisite spatial coverage of the APOGEE DR16 sample. The figure also shows a slight but distinct density enhancement in the region of the stellar bar (see also lower panel), as observed for the full Gaia DR2 dataset in Anders et al. (2019) , but with the canonical pitch angle of ∼ 30 degrees (e.g. Bland-Hawthorn & Gerhard 2016).
Since APOGEE traces around 20 chemical elements at high spectral resolution and provides radial velocities precise to ∼ 300 m/s (Majewski et al. 2017) , this dataset will be a legacy for detailed chemodynamical studies of the Milky Way at least for several years.
To illustrate the impact of the APOGEE data released with the Sixteenth SDSS Data Release on the field of Galctic Archaeology, we focus on just a few examples of abundance-ratio maps in bins of cylindrical Galactocentric coordinates (R Gal , Z Gal ), in a similar manner as the maps presented by Hayden et al. (2015) using DR12 data: Due to the pencil-beam nature of the APOGEE survey, and the fact that metal-poor stars are brighter, and therefore more easily observable in the innermost regions, one should avoid over-interpreting the data. Proper quantitative interpretations of these spatial chemical maps need to take into account such biases and will be the subject of future work.: a) the standard relative-to-iron abundance diagrams (Figs. 10 and 11 for Article number, page 9 of 26 A&A proofs: manuscript no. StarHorse2019 Fig. 13 ). These figures show, for different bins of R Gal and Z Gal , diagrams of abundances colorcoded by density estimation using gaussian kernels. The bandwidth of the kernel density estimation follows the scotts factor (Scott 1992) . Figs. 10 and 11 also show, in the upper plots, the kde uncertainty distributions in extinction and distances for each R Gal bin.
The so-called α elements are produced by core-collapse supernovae and hence more directly connected with the star formation rate. Recently, Weinberg et al. (2019) have discussed such abundance maps, but based on a much smaller sample of ∼ 20, 000 stars, and not including data in the innermost radial bin (0-2kpc), which is now possible.
Article number, page 10 of 26 A. Queiroz et al.: New StarHorse stellar parameters, distances, and extinctions for spectroscopic surveys Fig. 8 . Comparison with astroNN distances presented by . Top panel 1-to-1 comparison (left: density distribution, right: colour-coded by median uncalibrated surface gravity determined by ASPCAP, showing that astroNN is overstimating distances to dwarf stars.). Bottom panels: relative distance differences as a function of sky position (left: whole sky, right: zoom into the inner Galaxy).
The [α/Fe] vs. [Fe/H] map
The [α/Fe] vs. [Fe/H] diagram has long served as a tracer of the chemical enrichment timescales of the Milky Way (Matteucci 2012), hence linked to the star formation history. One of the pioneer works to demonstrate the direct connection of the high-[α/Fe] "plateau" with old stars was the one of Fuhrmann (1998 Fuhrmann ( , 2011 who computed ages for a volume-complete sample of Hipparcos stars within 25 pc of the Sun. This work has clearly shown the stars on the "plateau" to be older than 10 Gyrs, whereas stars along the chemical thin-disc sequence were younger. The observed chemical discontinuity in the [α/Fe] vs.
[Fe/H] diagrams in the solar neighbourhood has important consequences on interpretations related to the assembly history of the MW and MW-like galaxies (see e.g. Chiappini et al. 1997; Minchev et al. 2013; Kawata & Chiappini 2016; Nuza et al. 2019; Mackereth et al. 2018; Buck 2019; Spitoni et al. 2019 for discussions).
The mapping of the Milky Way in terms of the [α/Fe] vs.
[Fe/H] diagram has quickly evolved since then. The first samples outside the solar vicinity were small and without age information (e.g. Bensby et al. 2010 Bensby et al. , 2011 Alves-Brito et al. 2010 -see Figure 14 of Anders et al. 2014) , but were already able to show the complexity and impact of such maps. For instance, the disappearance of high-[α/Fe] stars towards the outer disc could be interpreted as an indication that the (chemical) thick disc had a shorter scale length than the thin disc (Bensby et al. 2011; Cheng et al. 2012) , contrary to what had been seen for the (geometrically defined) thick discs in other galaxies.
Extended maps, with a much better coverage along the Galactic mid-plane (|Z Gal | < 0.5 kpc) only appeared with APOGEE (Allende Prieto et al. 2008; Majewski et al. 2017) , which already in its first year of data (with around only 20,000 stars of sufficient quality) was able to demonstrate that the chemical discontinuity observed by Fuhrmann was also present far outside the solar neighbourhood (Anders et al. 2014; Nidever et al. 2014) , confirming also the short scale length of the chemical thick disc. These APOGEE results were complemented by other surveys at larger distances from the galactic mid-plane (e.g. Bovy & Rix 2013; Mikolaitis et al. 2014 , and references therein), but without such a good coverage of the inner Galaxy.
Shortly afterwards, Hayden et al. (2015) used a sample of around 70,000 red giants from APOGEE DR12 (Alam et al. 2015) to increase the sampled volume with respect to the 2014 maps, covering a Galactocentric distance range between 3 and 15 kpc within 2 kpc of the Galactic plane. By that time it became clear that, towards the outer parts of the disc, one would see flaring, where the low-[α/Fe] would dominate even at large heights above the Galactic mid-plane (see Minchev et al. 2015 Minchev et al. , 2019 for discussions), implying that the term "thick disc" should Article number, page 11 of 26 A&A proofs: manuscript no. StarHorse2019 Fig. 9 . left panel: Galactocentric cartesian XY map of the APOGEE DR16 sample, the color represents the 3D local stellar density estimated by using the SPH technique (Monaghan 1992) with N ngb = 35 neigbhours, we use the maximum intensity projection rendering method implemented in pmviewer which is described on http://pmviewer.sourceforge.net. right panel: same thing, now in cylindrical Galactocentric coordinates RZ.
be used more carefully: the chemically-defined thick disc (by separating populations in the [α/Fe vs. [Fe/H] diagram) is indeed confined to the inner regions, whereas the geometrically-defined thick disc (by a cut in Z Gal ) is a mixture of flaring mono-age populations, and therefore would show an age gradient (see Martig et al. 2016; Mackereth et al. 2017; Minchev et al. 2018 ).
The Hayden et al. (2015) chemical-abundance maps were limited by the still poor coverage of the innermost parts of the MW. That paper, along with following APOGEE publications (e.g. Zasowski et al. 2019 based on DR14) tentatively reported that stars with R Gal < 5kpc seem to lie on a single track, whereas at larger radii two distinct sequences were observed (an observation later interpreted as the fundamental dichotomy between the inner and outer discs by Haywood et al. 2016 Haywood et al. , 2018 Gaia-ESO results. The authors also suggested the two sequences to merge above [Fe/H]∼ 0.15 dex into a single sequence (see Barbuy, Chiappini, & Gerhard 2018 for a review of other chemical studies of the Galactic Bulge previous to APOGEE DR14 and Gaia DR2).
Figures 10 and 11 present our updated [α/Fe] vs. [Fe/H] di-
agrams in 2kpc-wide bins of R Gal and three small bins of |Z Gal |, obtained from APOGEE DR16 in combination with Gaia DR2 and our StarHorse distances. These abundance-ratio maps now extend from R Gal = 0 out to 20 kpc, with excellent statistics (more than 150 stars per bin) out to R Gal = 18 kpc, after which target density drops dramatically. To avoid too crowded figures, we divided the chemical-abundance maps into two plots: Fig.  10 shows the [α/Fe] vs. [Fe/H] diagrams for the inner-disc bins, while Fig. 11 shows the outer-disc bins. The distance and extinction uncertainties in each of the radial bins are shown in the top row of the two figures. They show that even in the innermost 2 kpc, StarHorse achieves precision of around 10% in distance and better than 0.1 mag in A V for most of the targets (the unfortunately less precise extinction estimates in regions closer to the solar position is due to our imposed bright limit for the Pan-STARRS1 photometry).
While the DR16 [α/Fe] vs. [Fe/H] diagrams shown in Figs.
10 and 11 confirm most of the previous analyses, they also show some clear and important differences. Figure 10 now shows a much more complete view of the chemical-abundance distribution in the inner disc. Each of the innermost bins (R Gal < 4 kpc) contains more than 1000 stars now, and especially very close to the Galactic mid-plane these numbers amount to > 5000 (see the two leftmost bottom panels), potentially allowing also for analyses of azimuthal abundance variations.
The bimodality reported by Rojas-Arriagada et al. (2019) is clearly confirmed in this improved map: we observe this bimodality in all [α/Fe]-[Fe/H] diagrams in the innermost regions (R Gal < 4 kpc), but especially for stars closest to the Galactic plane (|Z Gal | < 0.5 kpc). The single sequence reported in Hayden et al. (2015) and Zasowski et al. (2019) for the innermost regions is not confirmed now that the bins at lower |Z Gal | contain more data.
In contrast to Rojas-Arriagada et al. (2019) , however, the two blobs define completely detached sequences, without merging, thus showing a true chemical discontinuity. The new maps show that the chemical discontinuity seen in the solar neighborhood bin (mostly studied also by other surveys -middle row, 4th column), extends towards the Bulge, and become completely separated, being very similar to what was found by Fuhrmann (1998 Fuhrmann ( , 2011 within 25 pc but now extended to larger metallicities (as expected given the observed abundance gradients in the galactic disc). The more detailed implications of these maps for chemodynamical models or the Milky Way will be discussed in future papers. We also caution that this chemical discontinuity is not seen in smaller samples of bulge stars (e.g. da Silveira et al. 2018) . Biases in small samples, as well as large distance uncertainties, may contribute to the appearance/disappearance of the chemical discontinuity in the bulge. It is difficult, however, to invoke a bias in the APOGEE inner-Galaxy sample (comprised of many thousands of stars) that would artificially increase the chemical discontinuity. Figure 11 shows the [α/Fe] vs. [Fe/H] plane for the outermost bins in R Gal (the bin 10-12 kpc is repeated from previous figure because the color scale is slightly different from Fig.10 ). Again we observe that for the more distant stars, the addition of Article number, page 13 of 26 A&A proofs: manuscript no. StarHorse2019 the Pan-STARRS1 photometry improves the extinction estimates (compare uncertainty distributions in the top row of the figure) . The diagram also clearly confirms the almost total disappearance of the high-[α/Fe] sequence around ∼ 14 kpc. Because the number of stars is small in the very outer disc, the noise in those plots increases, giving more visual weight to outliers.
Finally, we note two other important characteristics of the new maps presented both in Fig. 10 and Fig. 11 , when focusing on stars near to the Galactic mid-plane (|Z Gal | < 0.5 kpc).
Firstly, the [α/Fe] centroid of the low-[α/Fe] distribution gradually shifts to larger values with increasing Galactocentric distance (especially visible in Fig. 11 ), corresponding to a positive radial [α/Fe] gradient, continuing the trend observed at larger Galactocentric distances (Anders et al. 2014; Hayden et al. 2014) .
Secondly, in the innermost bin (R Gal < 2 kpc, and |Z Gal | < 0.5 kpc) the [α/Fe] trend for the more metal-rich, low-[α/Fe] population (∼ −0.2 < [Fe/H] < 0.5) is linearly decreasing, without any flattening at larger metallicities. This is also in agreement with optical studies of the bulge (Friaça & Barbuy 2017; da Silveira et al. 2018 -see also Barbuy, Chiappini, & Gerhard 2018) . This is however in stark contrast to what is observed at larger Galactocentric distances (see radial bins from 6 < R Gal < 12 kpc, in the same row -|Z Gal | < 0.5 kpc), where the cloud of data bends, showing a flattening of the abundance-ratio trend beyond solar metallicities. The reason for this bending is the migration of old-metal rich stars from the innermost bins towards the outer regions, populating mostly the 8-12kpc bin.
Indeed, the high-metallicity thin disk stars in the outer regions are known to be migrated stars from the inner disc (e.g. Grenon 1989; Casagrande et al. 2011; Anders et al. 2017b) . For example, according to the chemodynamical model of Minchev et al. (2013 MCM, the mixture of migrating stars from other Galactocentric distances changes as one moves from the inner to the outer disc, and even in the 8-12 kpc range there is a large number of migrators from the innermost disc regions. It is around the solar vicinity that a large number of old inner disk stars can be found according to the MCM predictions. This can also be clearly seen in Anders et al. (2017a, see Figure 1 of).
The larger statistics of the current maps, especially near the galactic mid-plane, do not support the dichotomy between the inner and outer discs. It suggests instead an inside-out formation of the thin disk, and a continuous variation in the chemical properties from the innermost regions towards the outer parts.
At larger |Z Gal | bins and in the outer disc, the combined effects of radial migration and disc flaring make interpretations more complex, and the multi-element abundance maps available from APOGEE offer a unique opportunity to finally quantify all these processes (see e.g. Frankel et al. 2018 for a first attempt on constraining radial migration efficiency using APOGEE DR12 [Fe/H] together with statistical age estimates). In the innermost bins, going from low to large |Z Gal | one also sees a smooth transition from a thin disk like component to an old (i.e. [α/Fe]enhanced) thick disk like (or spheroidal) component.
Ideally, however, one should use forward simulations to properly take into account selection effects (see e.g. Miranda et al. 2014; Anders et al. 2016; Nandakumar et al. 2017; Fragkoudi et al. 2018, for discussions) . Moreover, the addition of age and kinematical information is also necessary to be able to disentangle these several factors playing a role in these maps namely: radial migration, population mixture, flaring, and details of the nucleosynthetic yields. One example is the the birth radius estimation technique proposed by Minchev et al. (2018) . Figure 12 shows the same type of plot as Fig. 10 , but now for the [Al/Fe] abundance ratio instead of [α/Fe]. As an additional constraint, we only include stars with well-determined ASPCAP Al abundances (AL_FE_FLAG=0) in this plot. The maps are similar to the ones in figure 10, indicating that overall, Al (being an odd-Z element) behaves like an α element at disc-like metallicities (also previously shown to be the case in the Bulge -for instance see discussion in McWilliam (2016) . The important difference of Fig. 12 with respect to the corresponding Fig. 10 is the almost complete absence of the bimodality in the abundance plane for Galactocentric distances R Gal > 2 kpc.
The [Al/Fe] vs. [Fe/H] diagram
However, the [α/Fe] vs. [Fe/H] discontinuity seen in the very inner regions discussed above is also seen in the [Al/Fe] vs.
[Fe/H] diagram: in the R Gal < 2 kpc bin close to the Galactic plane we see essentially two detached [Al/Fe] sequences. This fact provides further evidence for the reality of the chemical discontinuity seen in the heart of the Galactic bulge.
The difference between [α/Fe] and [Al/Fe] for the most metal-poor stars is that, whereas the [α/Fe] seems to continue raising towards lower metallicities, the [Al/Fe] starts to bend down. This is a consequence of the metallicity-dependent Al yields in massive stars.
The [Al/Mg] vs. [Mg/H] and [Mg/O] vs. [Mg/H] diagrams
Although a detailed study of the implications of the analysed maps for stellar nucleosynthesis is beyond the scope of the present paper, we now discuss the behavior of the ratios between two alpha-like elements, not using iron but magnesium as a reference element. Because Mg is mainly a product of core collapse supernovae, its increase with time follows the star formation rate more closely than iron, which can keep increasing even if the star formation stops due to the contribution of type Ia supernovae released on longer timescales. From the observational side, magnesium is also a convenient element because the calibrated AS-PCAP [Mg/H] abundances show small dispersions, very small trends with effective temperature, and they follow the expected trends in the abundance diagrams. Fig.13 8 kpc) . In both plots, we again only plot stars with high-quality DR16 ASPCAP abundances, by requiring the corresponding abundance flag entries (MG_FE_FLAG and, respectively, AL_FE_FLAG and O_FE_FLAG) to equal zero.
The main point of Fig. 13 is to showcase the vast amount of new high-quality APOGEE data, especially for the inner disc. To appreciate the increase of the sample with respect to DR14, Fig.  13 should be compared to Figs. 4 and 5 of Weinberg et al. (2019) , which was based on a small sample of 20,000 stars with only slightly stricter quality requirements (3700 K < T eff < 4600 K, S NR > 80, no "ASPCAP bad" flags, EXTRATARG=0). The new data clearly allow us to study the very heart of our Galaxy in much more detail, even when the same quality cuts are applied.
The main isotopes of both O and Mg are produced during the hydrostatic phases of high-mass stars. This ratio in then mostly sensitive to details of related to the stellar yields (mass loss and rotation in the case of oxygen, and convection treatment in the case of Mg), but is expected to remain close to solar (Woosley et al. 2002; Sukhbold et al. 2016; Groh et al. 2019) .
Two things can be noted in the In order to understand if this is due to O or Mg, we next check the [Al/Mg] diagrams (bottom panel of Fig.13) . Similarly, the median [Al/Mg] ratio in the top row (1 kpc < |Z Gal | < 2 kpc) increases with Galactocentric distance, reaching the solar value at the solar ring. Moreover, [Al/Mg] also increases with metallicity in the smallest Galactocentric distance bins.
Taking both results at face value (without considering further biases that could be affecting proportions of stars in the different loci of these diagrams), the results suggest that there is an increase of Mg towards larger metallicities (or a relative decrease of both O and Al -e.g. Groh et al. (2019) ).
SH distances and extinctions for other public released spectroscopic surveys
In this paper we also provide distances and extinctions for different spectroscopic surveys, extincted regions, we have also used Gaia DR2 photometry in this case.
Gaia contains three passbands G, G RP and G BP in the respective wavelengths: 300-1000nm, 300-700nm,600-1000nm. Even though this photometry is very precise, there are some discrepancies between observations and the sensitivity curves published. To correct for this effect we follow the analysis of (Maíz Apel-computed, in what follows, we describe the assumptions made in each of these catalogues.
GALAH DR2
The Galactic Archaeology with HERMES (GALAH, De Silva et al. 2015; Martell et al. 2017 ) is a large spectroscopic survey that aims to identify stellar groups that were born together, by searching for similarity on the chemical patters of the stars. Therefore GALAH spectra were obtained with the high resolution and multi-band spectrograph HERMES (Barden et al. 2010) , which is capable to deliver abundances for up to 23 chemical elements. Its latest data release, GALAH DR2 release in April 2018, contains radial velocities, atmospheric parameters and abundances for a total of 342,682 unique stars (Buder et al. 2018) .
GALAH maps all stellar populations between magnitudes (12 < V < 14) and avoiding the Galactic plane |b| > 10. In Q2018 we computed distances and extinctions using the GALAH DR1 parameters combined with Gaia DR1. Now we have available much more data both in GALAH DR2 and Gaia DR2. We here follow the same procedure as in Q2018 to run this latest public GALAH data. The atmospheric parameters were treated as they come in the catalogue. We again use the (Salaris et al. 1993) We chose to run GALAH with APASS photometry since its faint limits are still too bright to be able to use PanSTARRS-1 (due to saturation). We also run StarHorse with parallax True mode (see Q18 section 3.2.1), since more then 90% of the catalogue contains parallaxes uncertainties better then 20%. From the input catalogue a total of 324,999 stars converged (94%) with solutions of distances, extinctions and astrophysical parameters that can be download here (link will be updated).
LAMOST DR5 DD-Payne VAC
The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST, Cui et al. 2012; Zhao et al. 2012 ) is one of the largest scale spectroscopic surveys, and the first large astronomical device in China. It has been collecting data since 2012, and now after about 6 years the survey has released 9 million spectra in the wavelength range of 3690-9100 Åand spectral resolution of R ∼ 1800. These 9 million spectra contain stars, galaxies, quasars, as well as non-classified sources.
We have adopted the recently published DR5 DD-Payne VAC 4 (Xiang et al. 2019) catalogue. This catalague contains stellar parameters and individual elemental abundances for 6 million LAMOST DR5 stars, obtained with a data-driven model approach incorporating constraints from theoretical spectra and trained on GALAH DR2 and APOGEE DR14 results.
From this catalogue we only select stars with stellar parameters with uncertainties in gravity, surface temperature, metallicity and [α/Fe] ratios smaller than σ log g < 1 dex, σ T eff < 800 K, σ [Fe/H] < 1.0 dex, and σ [α/Fe] < 1.0, respectively. The goal was to avoid stars with too large uncertainties, and save computing time.
For LAMOST DR5 we have combined the spectra again with Gaia parallaxes and photometry. We complemented the input data with photometry from PanSTARRS1, 2MASS and WISE. We also run LAMOST with with parallax true mode since most 4 http://dr5.lamost.org/doc/vac parallaxes in LAMOST also have uncertainties better then 20%. From 5,651,710 sources with available parallaxes StarHorse converged for 4,928,715 stars (87%). One of the reasons for a smaller convergence in the case of LAMOST is the fact that we use a thicker spaced PARSEC model grid (0.05 Gyr in age and 0.05 dex in [M/H]). The solutions of distances, extinctions and astrophysical parameters can be download here (link will be updated)
Gaia-ESO survey DR3
The Gaia-ESO survey (GES Gilmore 2012) is a large public spectroscopic survey with high resolution that covers all Milky Way components and open star clusters of all ages and masses. The final GES release is expected to include about 10 5 stars. We downloaded the Gaia-ESO data release 3 (DR3) from the ESO catalogue facility. This catalogue contains a total of 25533 stars, including the Milky-Way field, open clusters, and calibration stars. We select only the stars in the Milky Way field to produce our StarHorse, which is about 7870 stars. In this case we also made a quality criteria cut, namely: σ log g < 0.4 dex, σ T eff /T eff < 0.05 K, σ [Fe/H] < 0.2 dex. The final catalogue used as StarHorse input contains then 6316 stars, The complementary photometric data used in this case is the same as for LAMOST. We then run the code again with parallax True mode, and StarHorse converged for 6,095 stars. You can find the StarHorse astrophysical parameters for GES DR3 here (link will be updated)
RAVE DR5
RAVE spectra were obtained with the multi-object spectrograph deployed on 1.2 − m UK Schmidt Telescope of the Australian Astronomical Observatory (AAO). The spectra have a medium resolution of (R ∼ 7.500) and cover the Ca-triplet region (8410-8795Å). We use their latest data release, DR5 (Kunder et al. 2017) , and in particular, the calibrated atmospheric stellar parameters N K from the "spectral parameters pipeline". The uncertainties that we use are, in general, the maximum between the calibrated and not calibrated parameters given in the catalogue or a handmaid maximum. These corrections are very similar to the ones applied to run RAVE combined with Gaia DR1/TGAS in Q18. We then combined RAVE DR5 with Gaia DR2 parallaxes and the photometric data used in this case is the same as for LAMOST. We configure StarHorse to use the parallax true option and the same thicker grid we use in LAMOST, since the errors of these surveys are larger. From the input catalogue of 488,233 stars, 433,177 converged, we make the astrophysical stellar parameters avaible here (link will be updated)
Conclusions
With this paper we present a set of value-added catalogues derived from the stellar spectroscopic surveys APOGEE, RAVE, LAMOST, GES, and GALAH. In particular our APOGEE DR16 VAC, released as part of SDSS DR16 (Ahumada et al. 2020), was produced by running the StarHorse code, described in detail by Q18, on the DR16 ASPCAP catalog matched to Gaia DR2, and with the addition of photometry from Pan-STARRS1, 2MASS, and AllWISE. This VAC contains distance and extinction estimates for 388,815 unique stars out of a total of 437,485 unique objects contained in the DR16 catalogue.
We have shown that the value-added parameters generally compare well to results obtained from asteroseismology and open clusters, and that they are robust to the choice of input parameter sets and to zero-point corrections to the Gaia DR2 parallaxes. Our distances are also less biased towards the inner Galactic disc than the neural-network based distances of as shown in Fig. 8 . The typical uncertainties are of 10% in distance and of 0.1 mag in A V , with the vast majority of the stars having uncertanties smaller than twice these values. A clearly bimodal distribution of extinction uncertainties is observed, with the peak at σ AV 0.07 found for stars with available optical magnitudes from APASS, while the peak at larger σ AV is made by stars with no such measurements. The typical distance uncertainties are also different for dwarfs ( 5%) and giants ( 11%)
Using the StarHorse VAC we have demonstrated that the APOGEE DR16 sample represents a major leap in terms of coverage of the Galactic disc with high-resolution spectra, and given a few examples of new science that is enabled by this dataset. The density of APOGEE targets exceeds a dozen stars per kpc 2 everywhere in the R Gal − Z Gal plane for 0 < R Gal < 18 kpc and −3 kpc < R Gal < 3 kpc, allowing for an unprecedented chemokinematic mapping of the inner as well as outer stellar disc, with significant azimuthal coverage.
We have used the DR16 sample to present extended chemical-abundance maps in Figs. 10 and 11, for the first time extending from from R Gal = 0 out to 18 kpc with excellent statistics. Especially in the innermost bin, we find some new clear and important differences with respect to previous analyses: The single sequence reported in Hayden et al. (2015) and Zasowski et al. (2019) for the innermost regions is not confirmed now that the bins at lower |Z Gal | have become populated. In addition, the two groups visible in the [α/Fe]-[Fe/H] plane in the innermost bin define completely detached sequences, implying a true chemical discontinuity. The larger statistics of the current maps, especially near the galactic mid-plane, do not support the dichotomy between the inner and outer discs. On the other hand it suggests the chemical discontinuity to be a clear property of Milky Way.
We have also shown (see [Al/Mg] Fig. 13 ) that the DR16 data allow for more sophisticated chemical-abundance studies over larger disc volumes than previous data releases. (tbc) All the newly produced StarHorse catalogues are available for download from https://www.linea.gov.br/ FINALLINKHERE.
